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ABSTRACT

An integral part of the Co-ordinated Research Programme: Applied Research on

Air Pollution using Nuclear-Related Analytical Techniques is the PM10 sampler

that was designed by Dr. W. Maenhaut of the University of Gent. Each

participant was provided with such a sampler so that comparable samples will

be obtained by each of the participating groups. Thus, in order to understand

the characteristics of this sampler, we have undertaken several characterization

studies in which we have examine the aerodynamic collection characteristics of

the impactor inlet and the reproducibility of the sample mass collection. The

sampler does provide a collection efficiency that follows the guidelines for a

PM,0 sampler. Comparing one of the original samplers built at the University of

Gent with a unit built from the same plans at Clarkson University showed good

reproducibility in mass collection.

1. INTRODUCTION

As part of the Coordinated Research Programme: Applied Research on

Air Pollution using Nuclear-Related Analytical Techniques, the International

Atomic Energy Agency contracted with the University of Gent to design and

construct a PM10 sampler so that all of the participating groups would be using
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identical samplers. The sampler was design by Dr. W. Maenhaut and the unit

was described by him in a report at the first Coordinated Research Meeting [1].

The sampling head for the unit is shown in Figure 1. The air enters the

unit through an impactor stage designed to have a 50% collection efficiency at

10 //m. It then is drawn through a stacked-filter unit (SFU). The SFU consists

of a holder for two sequential filters constructed by the Norwegian Centre for

Atmospheric Research (NILU). The initial filter is an 8//m nuclepore filter and

the second filter is an 0.4/ /m pore nuclepore filter. At a flow rate of 18 Lpm,

this unit should act as a dichotomous sampler. The flow through the 8 //m

pores will result in collection of 2.5 //m particles with 50% efficiency. The <

2.5 //m particles are then collected on the 0.4 //m filter.

"O"-rings
Stacked Filter
Unit

Impactor Stage

Figure 1. Schematic diagram of the sampling head containing the 10//m impactor inlet
and the NILU SFU.

An important question is whether the system performs as it was '

designed to do. The behavior of the SFU had been established by Cahill and

coworkers [2]. Thus, the primary concern was the verification of the

performance of the impactor stage in the inlet. The other consideration is the

reproducibility with which these systems can be constructed. Additional units

have been constructed at Clarkson University from plans provided by Dr.

Maenhaut. It was sent to the University of Illinois at Urbana-Champaign and

compared with one of the original units prepared at the University of Gent.
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2 EXPERIMENTAL. PROCEDURES

2.1 Inlet Tests

We initially attempted to generate a monodisperse test aerosol using a

vibrating orifice aerosol generator. However, we had substantial

inhomogeneities in the aerosol concentration measured in our small aerosol

chamber. Although we made a number of changes to improve the chamber

behavior, we were unable to obtain sufficient reproducibility and homogeneity

to permit direct testing of the inlet. Thus, an alternative approach was

employed.

The sampler was set up both in a small parking lot near to the Clarkson

University Science Center in which Prof. Hopke's laboratory is situated and

later on the top of the 4 story section of the Science Center. The impactor

collection surface was covered with a disk of mylar coated with a monolayer of

Vaseline® and an 0.4 //m nuclepore filter was place in the first filter location so

that all of the particles would be collected. The filter and! the impactor

collection stage were then examined with an optical microscope. Image fields

of particles were captured using a ccd video camera and a Truevision TARGA-

16® frame grabber board. Image analysis software (MOCHA®) was used to

obtain the maximum and minimum axes. The particles were assumed to

spheroids of revolution having a density of 2.5 g cm'3. The aerodynamic

diameter of the equivalent sphere can be calculated for each particle. The

particle sizes can then be divided into a series of size bins and the number

collected on the filter to the total particle concentration can be estimated. The

total particles in a given size bin equals the number on the impaction stage plus

the number on the filter and then corrected for the wall losses. The wall loss

was estimated by using the wall loss curve for a similar design impactor built

and tested by Risto Hillamo at the University of Helsinki.

2.2 Mass Collection Efficiency Tests

The 2 samplers, one from the University of Gent (UG) and one from

Clarkson University (CU), were placed on the top of a 4 story building on the

University of Illinois campus. The samplers were set up in the conventional
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manner with filters loaded in both stages of the SFU. The filters were

equilibrated at 50% relative humidity and weighed on a microbalance prior to

insertion into the SFU holder. After a 48 hour collection period, the filter

samples were retrieved, equilibrated, and reweighed. The difference in weights

for each filter sample could be calculated and the masses on appropriate pairs

of fine and coarse samples can then be compared.

3 RESULTS

3.1 Inlet Tests

A series of 11 samples were collected and analyzed. The results were

averaged over the series of samples to provide mean collection efficiencies and

an estimate of their variability. The plot of collection efficiency as a function of

aerodynamic diameter is shown in Figure 2. It can be seen that the system is

providing a 50% collection efficiency at 19 //m without the correction for wall

losses.

2 3 4 5 6 7 8 10 20 30 40 50'

Aerodynamic Diameter [p,m]

Figure 2. Collection efficiency as a function of aerodynamic diameter without applying
the wall loss corrections.
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After applying the corrections for the loss of particles to the wall of the

system, the collection efficiency curve moves to smaller sizes as shown in

Figure 3. Thus, if the wall loss is included, the impactor behaves as expected

from its design.
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Figure 3. Collection efficiency as a function of aerodynamic diameter after applying the
wall loss corrections.

3.2 Mass Collection Efficiency Tests

The results for the 4 fine mass samples are shown in Figure 4 while the

coarse mass values are presented in Figure 5. Figure 6 provides a comparison

of the total mass (fine + coarse) for the 4 pairs of sampling intervals. It can be

seen that the agreement for 3 of the 4 samples is within the measurement error

of the weighing. However, there is a discrepancy for the 3rd sample pairs (9

November 1994). There is no known explanation for the difference. It can be

seen that the discrepancy is larger for the fine fraction samples than it is for the

coarse fraction samples. It seems likely that the erroneous sample would be

the one with lower mass values since it is easier to lose mass than to gain it. It

may be that the fine filter was not fully seated in the SFU. Every more likely is
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that the bottom of the unit was not sealed tightly enough against the gasket

and the SFU and thus, there is air leakage around the

5/11 11/117/11 9/11

Sampling Date
Figure 4. Comparison of the fine fraction mass (ng m*3) for the two side-by-side
samplers.

5/11 7/11 '9/11 11/11

Sampling Date
Figure 5. Comparison of the coarse fraction mass (ng m"3) for the two side-by-side
samplers.
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5/11 7/11 9/11 11/11
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Figure 6. Comparison of the total mass (ng m"3) for the two side-by-side samplers.

SFU rather than through the unit. It does show that even with care in

preparing the sampler, there can be errors.

4. SUMMARY

In general the sampler performed well. The inlet behavior is in

accordance with the design specifications and side-by-side reproducibility of

samplers is very good,. It thus appears that the sampler will provide the

aerodynamically well defined samples that can serve as a basis for comparative

analysis of data from the various sampling locations around the world.
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